summARY Forty-nine patients with atrioventricular discordance were studied using cross-sectional echocardiography. The atrial arrangement was consistently predicted by echocardiographic analysis of either the patterns of pulmonary and systemic venous drainage or the arrangement of the great vessels within the upper abdomen. The ventricular arrangement was consistently predicted by direct identification of ventricular morphology. In hearts with two atrioventncular valves (47 patients) this was best derived by determining the pattern of implantation of the valve chordae to the ventricular myocardium. This proved to be more reliable in identifying ventricular morphology than either the analysis of trabecular patterns or the identification of valve leaflet morphology. In hearts with a common atrioventricular valve (two patients) ventricular arrangement had to be determined by identifying ventricular trabecular patterns.
connection). Though often resembling atrioventricular discordance in terms of ventricular relations, the hearts with univentricular atrioventricular connection pose different problems to both the diagnostician and the surgeon.
In present day clinical practice it is essential to diagnose atrioventricular discordance and distinguish it from these other entities. Cross-sectional echocardiography is at its best in analysis of the atrioventricular junction and should provide the ideal tool in this respect. Recent investigations have shown its value in the non-invasive diagnosis of atrioventricular discordance.I 2 These studies, however, were restricted to patients having the combination of atrioventricular discordance with ventriculoarterial discordance-socalled congenitally corrected transposition. Though this is the commonest variant of atrioventricular discordance it is only part of the pathological spectrum encountered with this lesion. Indeed, the atrioventricular connection can exist with any ventriculoarterial connection. Here we review our experience in its diagnosis with several of the possible ventriculoarterial connections, and with both usually arranged (solitus) and mirror image (inversus) atril chambers.
Patients and methods
Forty-nine patients with atrioventricular discordance were studied using cross-sectional echocardiography. The echocardiograms were recorded using either a Toshiba phased array sector scanner (2.4 mHz) or an Advanced Technology Laboratories mechanical sector scanner (3.0 or 5-0 mHz). The patients' ages ranged from 1 day to 19 years with the majority between the ages of 1 week and 10 years. All patients attended either the Regional Cardiothoracic Unit, Freeman Hospital, Newcastle; The Hospital for Sick Children, Great Ormond Street, London; or the Bromnpton Hospital, London. Comparative morphological studies were carried out by pathological sectioning of necropsied hearts with atrioventricular discordance drawn from the cardiopathological collections of the above three centres.
All 49 patients studied had correlative haemodynamic and angiocardiographic information available from cardiac catheterisation. The wide spectrum of morphological abnormalities encountered in these 49 hearts is shown in Table 1 . Forty-seven patients had usually arranged atrial chambers ("situs Patients were studied either retrospectively or prospectively. Thirty-seven patients were known from previous angiocardiography to have atrioventricular discordance. These patients were recalled for echocardiography and the study was made without detailed knowledge of the associated morphological abnormalities. In the remaining 12 patients (all infants) the diagnosis of atrioventricular discordance was first made during the initial echocardiographic examination and was later confirmed at angiocardiography.
A standard echocardiographic procedure of examination was adhered to throughout the study. The transducer was first placed in the subcostal position and turned to cut the upper abdomen in a transverse section at approximately the level of the tenth thoracic vertebra. The precise relation of the inferior vena cava and descending aorta to each other and to the spinal body was noted.3 The transducer was then turned through 180°to produce a longitudinal section of these structures. A slight angulation of the transducer to the right in patients with usually positioned atrial chambers (solitus) will normally visualise the inferior vena cava in its long axis. This plane should be scanned to determine two important features: firstly, whether the suprarenal portion of the inferior vena cava continues to connect normally to the right atrium, and, secondly, whether the hepatic veins drain normally to the inferior vena cava. Having identified the morphology and spatial arrangement of the great vessels within the abdomen, the heart was then scanned from the subcostal, apical, and parasternal windows.4 From each transducer position long axis and short axis planes were scanned, the long axis planes being recorded both at right angles (four chamber) and parallel to the inlet part of the ventricular septum. The secondly, the leaflet morphology of the inlet valve; thirdly, the morphology of the chordae and papillary muscles which form the subvalve tension apparatus; fourthly, the presence or absence of chordal attach-11 ments to inlet septum or lateral ventricular free wall; fifthly, the trabecular pattern of the ventricular apical component (including the presence or absence of a moderator band); sixthly, the ventricular shape; and, finally, the presence or absence of fibrous continuity between the atrioventricular and arterial valve rings.
In the "typical" morphologically left ventricle the septal leaflet of the mitral valve is attached to the atrioventricular septum at a more basal position than the corresponding tricuspid septal leaflet; the mitral valve is a bileaflet structure which has a characteristic fishmouth appearance in short axis sectioning; the subvalvar apparatus consists of short chordae which are implanted into paired papillary muscles which in turn insert into the lateral portion of the ventricular free wall; the ventricle is ovoid in shape and has a fine apical trabecular architecture and in addition there is atrioventricular-arterial valve fibrous continuity.
The "typical" morphologically right ventricle has a more apical implantation of the tricuspid valve septal leaflet to the atrioventricular septum; a trileaflet opening pattern of the tricuspid valve when visualised in the subcostal short axis cut; a subvalve apparatus consisting of a prominent anterior apical papillary muscle and a small medial muscle with chordal attachments to the inlet septum and no chordal attachments to the lateral ventricular surface; a characteristically triangular shape with coarse apical trabecular architecture crossed by the moderator band and atrioventriculararterial valve discontinuity. Table 2 shows the reliability of cross-sectional echocardiography in identifying each of these features and thus distinguishing between the ventricles.
The most reliable predictor of ventricular morphology proved to be the manner in which the atrioventricular valve chordae implanted into the ventricular myocardium. In the 47 cases with two discrete atrioventricular valves the morphologically right ventricle had an inlet valve which had at least one chordal attachment to the inlet septum and the morphologically left ventricle had an inlet valve whose chordae implanted only onto the lateral ventricular wall (Fig.  2a) . The morphologically mitral valve never showed chordal implantation onto the inlet septum. These 21 9
Note: Ventricular shape was not a reliable indicator of ventricular morphology.
group.bmj.com on June 26, 2017 -Published by http://heart.bmj.com/ Downloaded from tricular junction was a consistent finding when the atrioventricular and inlet muscular septae were intact ( Fig. 3a and b) "cuts" which image the great vessels were needed to make this diagnosis. Tracing the ventricular outflow tracts through a series of precordial short axis sections was particularly helpful (Fig. 7) . The long axis cut parallel to the inlet septum was of most value in diagnosing cases with single aortic trunk and pulmonary atresia (Fig. 8) . (5) Ventricular septal defects were almost always found in the perimembranous position with deficiency of the inlet septum (Fig. 4a and b) , though often they had considerable extension into the outlet septum. When perimembranous defects were found, the atrioventricular valves were always attached to the central fibrous body at the same level (Fig. 4a and b) , so that offsetting annular insertion was not present as a guide to atrioventricular discordance. This connection, however, was always identified by the other features, particularly the chordal attachments of the tricuspid valve to the septum and the presence of the moderator band in the morphologically right ventricle. The four chamber cuts in cases with ventriculoarterial discordance also showed the atrial-ventricular septal malalignment so typical of congenitally corrected transposition. 12 Trabecular muscular ventricular septal defects were also observed in two patients, well seen in short axis cuts at the appropriate level. Doubly committed subarterial defects were not seen in our series.
Subpulmonary outflow tract stenosis was one of the most common associated lesions encountered in this series. This was identified by cross-sectional echocardiography in 23 of the 33 patients in whom this was present and was shown to be the result of various causes (Fig. 9) . (In the remaining 10 patients adequate visualisation of the subpulmonary area was not possible-in our experience this remains the most problematic area in the echocardiographic investigation of atrioventricular discordance.) This was frequently caused by narrowing of the subpulmonary area by abnormal tissue tags arising from the mitral valve septal leaflet and subvalve apparatus (17 patients). Often associated with this was further obstruction created by tissue tags originating from the tricuspid valve septal leaflet and chordae (11 patients). A discrete subpulmonary membrane was present in three patients. Additional valvar pulmonary stenosis could be identified in 16 patients, each with clear-cut thickening of the pulmonary valve cusps and a "doming" opening pattern. Cross-sectional echocardiography, however, was not of value in assessing the relative severity of the valvar stenosis when associated with subpulmonary obstruction.
Anomalies of the tricuspid valve were another one of the commonly associated abnormalities. They were consistently and accurately identified. Of the 47 patients with two discrete atrioventricular valves, 15 had abnormalities of the morphological tricuspid valve. Classical Ebstein's malformation of the tricuspid valve was present in three cases (Fig. 10) . The anterior downward displacement of the tricuspid valve ring into the morphological right ventricle associated with "plastering-down" of the septal tricuspid leaflet to the septal surface was easily Ufwsmal septum Right ri-cle Fig. 9(a) Having established the criteria that allow us reliably to diagnose atrioventricular discordance our study also shows the need to discuss with care the precise ventriculoarterial connection. Though usually this connection is also discordant, it is not uniformly so.
In one quarter of our series connections other than discordance were found. While concordant ventriculoarterial connection,16 double outlet left ventricle,17 and truncus'8 were not seen in this experience, they must also be anticipated. When congenitally corrected transposition (double discordance) is found, then attention should immediately be turned to searching for the anticipated triad of associated lesions.'01' We had no difficulty in diagnosing and differentiating the different types of ventricular septal defect,"I subpulmonary outflow tract obstruction, 19 and tricuspid valve malformations encountered. It is of note, however, that we did not see any doubly committed subarterial ("supracristal") ventrcular septal defects. These are much more frequent in Asian than in Caucasian populations.20 If encountered, they would be distinguished by finding aortic-pulmonary valvar continuity in the roof of the defect.
In summary, by careful attention to diagnosis of atrial position and differentiation of ventricular morphology we here found cross-sectional echocardiography to be invaluable in the diagnosis of atrioventricular discordance. This has been the case whatever the cardiac position and ventricular relations and irrespective of the presence or absence of associated malformations. In our experience it provides the method of choice for analysis of the atrioventricular junction in this malformation though some additional information can be provided by judicious use of axial angiocardiography.21 correlative study.
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